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Person centredQuality improvement (QI) is now a central part of the work of clinicians throughout healthcare. It is based on
clear scientiﬁc principles, a valid way of measuring change and has theories of reliability and human factors
that underpin the interventions.
TheNeonatal Intensive Care Unit (NICU) is a highly complex adaptive system that lends itself to the application of
QI principles. This will require the development of a safety culture that continually seeks to improve. Clinicians
and all those who work in NICU will require training in the methodologies of QI and patient safety to effect
change. Working together in collaborative networks can accelerate change.
In this paper we discuss some of the key concepts and provide some examples of improvement in the NICU.
© 2014 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-SA license
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The challenges to implement good practice by neonatologists are
immense with the development of new interventions that can improve
outcomes for the babies in the Neonatal Intensive Care Unit (NICU) if
applied reliably. In this paper, we will examine the evidence for quality
improvement (QI) in the NICU and consider ways to continuallynder the CC BY-NC-SA license (http://creativecommons.org/licenses/by-nc-sa/3.0/).
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sive care are enhanced. This will be done within the ethos of equitable
and safe person centred care. Shah et al. [1] provide a comprehensive
overview of the challenges and successes in quality improvement. In
this paper we will provide a practical overview of what has been done
and what still needs to be achieved. The fundamental problem is that
of variation and this paper will examine ways to improve outcomes by
decreasing variation. To achieve this, we will introduce concepts of
quality improvement, with a few illustrative examples to demonstrate
beneﬁts of quality improvement.
2. The aim of high reliability
The concepts of high reliability, which are derived from studying
other high-risk industries, are now being applied to complex adaptive
health systems such as NICU [2]. Constant mindfulness of the inherent
risks to safety and how these can be prevented, also called situational
awareness, is a framework present in all highly reliable complex sys-
tems. In the NICU this would involve Anticipation of what may happen
in real time and Containment of unsafe events. Anticipation includes a
preoccupation with potential and actual failure at all level of the pro-
cesses to deliver care before and after it happens, for example, a neonate
collapsing, timing of medications and intervention. then understanding
the root causes for andmitigating these. This requires being sensitive to
how the NICU is run and the challenges that are faced. Containment of
challenging events and high-risk situations will require organisational
learning in order to develop resilience and learning. Highly reliable
organisations such as nuclear power and commercial air travel have
revealed common features, which facilitate the move from low to high
reliability. These are leadership, robust continual improvement, antici-
pation of the future by learning from the past, and containment [3]. A
highly reliable NICU will constantly perform at a level of sustained
excellence.
The challenge is to learn how to adapt the theory to the complexity
of thehealthcare system inwhichbabies are different, service delivery is
variable and healthcare professionals are not trained in the theories of
patient safety. Hollnagel [4] suggests that in healthcare one develops
resilience by learning to adapt to the degree of natural variability but
at the same time delivering reliable care. NICUs may be more reactive
without the anticipation that is required or commonly followed articu-
lated processes. Doctors are trained to be individuals and do not neces-
sarily follow guidelines or protocols reliably [5]. Knowledge of safety
principles such as human factors and of improvement methodology
may be limited or not be a routine part of training for NICU staff
members.
An answer has been to consider standardisation of processes wher-
ever possible in order to have less variable outcomes. Standardisation
of processes should take into account the individual needs of patients
where necessary, resulting in reliable care. Quality can be improved, if
one designs systems that prevent harm and enable processes in the
ﬁrst place. The essential principles required are standardisation of the
routine processes, checklists and care bundles.
3. A culture of quality and safety
Highly reliable and safe organisations are never content with their
current level of safety or quality and continually seek to improve. The
development of a safety culture cannot be assumed; rather it needs to
be developed. Proﬁt et al. [6] demonstrate that units with a high degree
of safety awareness, cohesive team work and a clear vision do better
than those do not. Assessment of the safety climate can correlate with
the safety outcomes on a unit. The development of a culture that fosters
and enhances safety is the ﬁrst step on the QI journey and may require
examination of what care should look like. Chassin and Loeb [3] suggest
that committed leadership is essential for setting a common vision.
Sexton et al. [7] demonstrated that Safety WalkRounds™ improveteamwork and decrease burnout. Whitﬁeld et al. [8] have concluded
that change is dependent on the prevailing culture of the NICU. They
found that thosewith strong group and developmental cultures are con-
sidered more receptive to quality improvement.
4. The aim of quality improvement
Evidence basedmedicine (EBM) aims to ‘improve the quality of care
by identifying and promoting practices that work, while eliminating
those that are ineffective or harmful’ [9]. However, as Glasziou et al.
[10] describe, there is a considerable gap between what we know
from research and what we do in clinical practice. Some feel the ﬁnal
step to the practice of EBM is to evaluate ones' own performance. This
is where quality improvement provides a framework to do the ‘right
things right’.
The aim of the quality improvement movement is to enable clini-
cians to care for their patients so that the care outcomes are the best
that can be achieved. Inneonatal care, there have beenmany rapidmed-
ical advances that have decreased mortality and morbidity. One can
question the case for quality improvement. We need to ask whether
this is the best we can do. It is in the context of person centred care
that the experience of the neonates and their parents becomes the key
underlying factor. The outcome is not simply life or death but rather
what the family and child experience over the course of their life as a re-
sult of the time spent in theNICU. Real outcomemeasures in health care
are not what immediately happens but what the survival actually
means for the neonate. If there is a long-term morbidity then outcome
needs to be measured in terms of that morbidity. Considerations of
the lifetime outcomes have been shown to improve care for patients
and are the most important measure to collect [11].
If we examine the outcomes of different neonatal units, we can dis-
cover where the issues lie. Survival is not uniform, nor is the burden of
morbidity that graduates of NICU have to endure. It is when one exam-
ines risk adjusted comparative outcomes that one uncovers extensive
variability. Althoughmore babies are surviving, themorbidity andmor-
tality rates are not necessarily falling year on year. Outcomes of units are
difﬁcult to comparewithout adequate risk adjustment and should relate
to patient outcomes rather than volume [12]. As medical science
advances and complexity increases, so does the likelihood of error,
which is of particular relevance in the complex environments of neonatal
intensive care. In addition, many of the interventions we undertake can
cause avoidable harm and impact on the later functional development
of the infant and child.
5. The theory and methodology of quality improvement (QI)
Quality improvement is “the combined and unceasing efforts of
everyone — healthcare professionals, patients and their families, re-
searchers, payers, planners and educators — to make the changes that
will lead to better patient outcomes (health), better system perfor-
mance (care) and better professional development (learning)” [13].
This is the responsibility of all health care providers. The purpose of
quality improvement theory is to provide the methodology to improve
care. The underlying goal is one of reliability, deﬁned as the baby
receives the care needed and wanted the ﬁrst time every time.
The concepts of quality improvement are not new and were
pioneered by two statisticians, Shewhart and then Deming. Deming
laid the foundations by describing a means to combine subject matter
knowledge with the theories of change which is essential to allow us
to develop, test and implement changes that result in improvement
[14]. The ‘Science of Improvement’ constitutes four inter-related per-
spectives which, when understood and applied, result in sustainable
change. In order to change, we need to understand the system within
which we work as well as the people who work within that system.
The NICU is a micro-system within a larger hospital system and inter-
faces with other micro-systems the hospital, such as obstetrics, surgery
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supportiveway to ensure good process outcomes. Changewill only hap-
pen when the people in the system want to and are willing to change.
This requires an understanding of how and why we vary; is it because
of our beliefs and knowledge or is the variation due to the nature of
the neonate and the illness? Finally, one needs a method of change to
allow for improvement. Langley et al. [14] proposed a model for im-
provement which provides a practical means by which change is tested
and implemented. TheModel for Improvement has an aim, ameasure of
change and a change that is tested through continual Plan-Do-Study-Act
(PDSA) cycles. This framework is used to turn ‘ideas into action and ac-
tion into learning’. Statistical process control (SPC) charts allow us to es-
tablish a baseline of current practice and understand the ‘normal
variations’ associatedwith individual processes andpractice. It canhigh-
light where there is a trend in the data, of statistical signiﬁcance, that
corresponds to an improvement or deterioration.When annotated, it al-
lows one to notewhich of the interventions, or combination of interven-
tions has resulted in an improvement. Ideally, measurement for
improvement is built around a data that is already collected to prevent
a burden of measurement. This in turn can be developed into a database
for comparative analysis [1].
Ellsbury and Ursprung [16] found it helpful to modify this approach
for the NICU and described practical questions to be considered when
delivering a QI project. These can be linked with practical tools that
can help answer these questions, for instance:
▪ Which problem should one select?
Baseline audits or outcome data within the NICU can be useful to
determine where to start but if one draws out the process from
antenatal care to admission to the NICU and then till discharge one
will soon discover where the improvement may be needed. It
could be in delivery of antenatal steroids, surfactant, prevention of
infections, tissue injuries, necrotizing enterocolitis, antibiotic stew-
ardship, accidental or unplanned extubation, management of pain,
prevention of unexpected deterioration, provision of breast milk,
to name a few.
▪ Who will be on the project team?
Given the variety of staff workingwithin NICU, the effectiveness of a
QI team is its multidisciplinary composition and this is essential to
effect change.
▪ What is the goal?
Aims need to be clear and focused and should aim to achieve the
best for the neonate, that is, a SMART (Speciﬁc, Measurable, Achiev-
able, Realistic, Time-bound) aim.
▪ Whatwill onemeasure and howwill one analyse themeasurements?
A measurement plan for improvement is needed and this will be
aimed at developing good outcome measures, that is, what happens
to the neonate as opposed to processes measures. For example, the
outcomemeasure for Central Line Associated Blood Stream Infections
(CLABSI) may be decreasing CLABSI by improving the process (a bun-
dle of care); but the real outcome is the long term functioning of the
neonate [17].
▪ What changes will one make to create an improvement?
These will depend on the problem with the key being testing of
changes sequentially and moving from audit to applying changes
that improve reliability.
▪ How will one test the changes?
Not all changes result in improvement so a clear method of testing
change is needed.
6. Quality care
Traditionally, healthcare providers have deﬁned quality from their
own viewpoint. However, it is through the lens of the patient and per-
son centred care, that we now consider the values of quality. The Insti-
tute of Medicine introduced six domains of quality, which provide theframework for improvement work [18]. The concept of person centred
care is now paramount and is answered by the simple question
“Would I want that for my own baby?” Person (neonate and family)
centred care can only be provided within the context of safety, and
equity. Underlying these are the process areas of quality, that is, effec-
tiveness by providing the right care at the right time, efﬁciency by
decreasingwaste in the system so that resources are allocated appropri-
ately and timeliness which considers how to eliminate delays at all
stages of care delivery that are the drivers to facilitate the person
centred care.
7. Neonate and Family centred care
The foundation of all quality is the provision of family care. Parents
expect more than survival for their babies. What happens to them and
their neonate and the experience they have is an essential component
of care. Parents are often as vulnerable as their babies. Lyndon et al.
[19] demonstrate that parents have safety concerns, expect reliability,
consistency and technical skill, but also want pain management, gentle
handling, and attention to the developmental needs of their infants.
They conclude that parents need to be included in decision-making as
well as in the development of situational awareness around safety. In
the intensive care unit, this is more complex the parents are the repre-
sentatives of the needs of the neonate and their own needs also need to
be met. Inclusion of parents on all ward rounds, breast milk and han-
dling are all areas that could add to quality and safety [20].
8. Developing by learning together
Collaborative working and networks can help organisations learn
from what changes have worked elsewhere and trial them in different
environments. This has been particularly successful in NICUs. For
Example, the Vermont Oxford Network (VON) Neonatal Intensive
Care Quality Improvement Collaborative (NICQ) has resulted in many
quality improvement initiatives. An example of improvement is the re-
duction of reduced nosocomial infection rates from 39% to 13% [21].
Other examples of successful quality improvement programmes in
NICU will be discussed below. Yet there is variable levels of reliability
in processes across and within healthcare systems, i.e. ‘low reliability’
[3]. The NICQ adopted four key habits based on the principles of high re-
liability [21,22] to improve care: thinking in systems, using evidence
based care, constantly testing and changing and collaborating to learn.
Payne et al. [23] evaluated NICU practices and outcomes associated
with a quality improvement collaborative and conclude that it showed
sustained improvements in multiple areas except improving outcomes
or reducing occurrence of Broncho-Pulmonary Dysplasia. However
reviews of impact and effectiveness are mixed, and the evidence for QI
collaborative networks have been described as positive but limited in
sustainability [24].
Nonetheless, the case for larger collaborative networks has produced
signiﬁcant improvements in neonatal outcomes: decreasing necrotizing
enterocolitis [25] through increased breast feeding; to decreasing
CLABSI [23]. The collaborative networks provide a community of learn-
ing and even though the outcomes are not clear, they do allow the op-
portunity to learn and spread good practice [26]. This is the way for
NICUs to move to highly reliable meso-systems if they are built on
clear principles of how collaborative networks can work [27].
9. Selected examples of quality improvement in the NICU
The use of care bundles is the foundation of many initiatives to im-
prove care for patients. The aim of care bundles is to apply what is
known in a consistent and reliable way [28]. A care bundle is an all or
nothingmeasure [29], with the individual components bring proven in-
terventions that when applied together achieve a good outcome. Most
of the bundle interventions have been in adult care but extrapolation
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interventional components may be adjusted.
9.1. Neonatal nosocomial infections (NNI)
NNI have been shown to double rates of mortality while affecting
both short and long term morbidity; increasing pressures on the
healthcare system by increasing length of stay and costs of healthcare
[30,31] The reduction of CLABSI is not about the infection per se but
rather about the long-term outcome for infants such as cognitive ability
[20]. There have been numerous initiatives to decrease CLABSI which all
include a form of care bundle, increase of aseptic technique reliability
and real time feedback with SPC charts. For example Gill et al. [32] de-
creased rates of NNI from 13 to 7 episodes per 1000 bed days. The key
in all improvement projects is the creation of a safety culture that
does not accept the limitations of the interventions but rather goes to
solvewhatmay be conceived as insoluble.McLaughin et al. [33] reduced
rates from 7.1 episodes per 1000 line days to 1.5 episodes per 1000 line
days with the biggest decreases coming from neonates of 750 g or
smaller from 30 to 3.6 infections per 1000 line days. Ventilator acquired
pneumonia (VAP) has been a more difﬁcult infection to consider due to
the issue of deﬁnition. A study by Rosenthal et al. [34] directed over 55
units, spanning eight countries in the developing world, exhibited a
mean rate of 24.1 per 1000 ventilator days. Zhou et al. [35] usedVAPbun-
dles to reduce rates of VAP by 63.7%, despite an increase in the number of
patients entering the unit. The keywas tohave a clear process of ensuring
reliability and acceptance of the risk.
9.2. Unplanned extubation
Understanding the characteristics of iatrogenic problems affecting
neonatal patients has been shown to be fundamental to the success
of quality improvement projects. Veldman [36] demonstrated that
although adverse mortality outcomes were not recorded as a result of
unplanned extubation, length of ventilation and consequent stay on
NICU was considerably longer; with average length of stay increasing
from 9 days to 51 days in those suffering an unplanned extubation.
Quality improvement projects have shown that one can decrease un-
planned extubation and improve the quality of care, with rates being
halved [37–39].
9.3. Surfactant administration
An example of a process improvement project is timing of adminis-
tration of surfactant. The delivery of surfactant in the delivery room is
extremely variable and can impact on the long term outcomes of neo-
nate. Bookman et al. [40] changed the decision making processes and
halved the time of decision on to administer to administration from
26 min to 10.2 min using quality improvement methodology. The
study is an example of how one can improve different parts of the pro-
cess for long-term gain.
9.4. Tissue viability
The focus has generally been in PICUs and gains in NICU have been
variable [41]. At Cincinnati Children's Hospital and Medical Centre
(CCHMC), the use of a care bundle-based on that of the adults, reduced
rates of pressure ulcers in the PICU from 14.3/1000 to 3.7/1000 patient-
days while in the NICU rates were 0.9/1000 patient-days. This is an area
that will require further work, with the ﬁrst step being the acceptance
that tissue viability in neonates and children is an issue in the ﬁrst place.
9.5. Pain management
Pain management is been a relatively new area for improvement in
the NICU. The perception of pain and interventions are emerging.Sharek et al. [42] describe a collaborative approach in which pain was
assessed andmeasured and then using quality improvementmethodol-
ogy, interventions were implemented that decreased pain. This is a
move towards neonate centred care within the highly technological
environment of the NICU and the move is to have reliable pain control
at all times [43].
9.6. Breast milk provision
A ﬁnal example demonstrates both QI and the impact of collabora-
tivework. The provision of breastmilk to graduates of NICU is often ran-
dom. The use of a care bundle to improve processes to promote
maternal breast milk on discharge has been shown to possibly increase
the uptake on discharge. Use of maternal breast milk either exclusively
or partially at discharge increased from 26% to 33% and 50% to 57% re-
spectively in the East of England network. Key factors in implementing
change include cultural changes, acceptance of the care bundle, and a
clear methodology for change and comparative data to demonstrate
improvement [44].
10. Conclusion
Quality improvement is a process that starts with the quest for per-
fection. The key is to have a vision for the NICU, to develop the struc-
tures for good care, and to ensure the processes are reliable. Our
contention is that if this is based on the Science of Improvement, on
the principles of High Reliability and within the learning environment
of a collaborative network, the outcome for neonates will continually
improve. This will require a clear strategy within which the principles
of quality improvement are embedded,with a commitment to continual
improvement and change [45].
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